ABSTRACT Introduction: Control strategies to eliminate the transmission of Chagas disease by insect vectors have signifi cantly decreased the number of reported acute cases in Brazil. However, data regarding the incidence and distribution of acute Chagas disease cases in the State of Pernambuco are unavailable in the literature. Methods: A geographical information system was used to delineate the spatiotemporal distribution profi le of the cases from 2002 to 2013 in 185 municipalities of Pernambuco based on the municipality where notifi cation occurred. The results were presented in digital maps generated by the TerraView software (INPE). Results: A total of 302 cases of acute disease were recorded in 37.8% of the municipalities, for a total of 0.13 cases per 1,000,000 inhabitants per year. Out of the 302 cases, 99.3% were reported between 2002 and 2006. The most affected municipalities were Carnaubeira da Penha, Mirandiba and Terra Nova. The risk maps showed a signifi cant decrease in the number of notifi cations and a concentration of cases in the Midwest region. Conclusions: This study highlights a signifi cant decrease in new cases of acute Chagas disease in Pernambuco starting in 2006 when Brazil received an international certifi cation for the interruption of vectorial transmission by Triatoma infestans. However, control strategies should still be encouraged because other triatomine species can also transmit the parasite; moreover, other transmission modes must not be neglected.
American trypanosomiasis, or Chagas disease, is a zoonosis caused by the hemofl agellate parasite Trypanosoma cruzi that is transmitted to humans by a blood-sucking triatomine bug through the insect's infected feces while it is feeding on blood. Parasites within the triatomine feces may enter the human body through either broken skin or mucous membranes, including the conjunctiva or oral/digestive mucosa. In addition, outbreaks caused by contaminated food may occasionally occur (1) . Alternative and less frequent routes of transmission include blood transfusion, organ transplantation and maternal-fetal transmission (2) . Infection with T. cruzi represents a serious problem among less-favored populations, and this transmission method is frequently associated with poverty and marginalization in rural areas. Chagas disease causes mortality in 14,000 people and morbidity in up to 10 million people in Latin American, resulting in a substantial disease burden in 21 endemic countries (3) (4) (5) . Despite control efforts over the past 100 years since its discovery, this disease continues to represent a world threat due to international migrations, making it increasingly frequent in non-endemic countries (3) .
Over 130 species have been identifi ed as potential vectors of T. cruzi. In Brazil, 52 species of triatomines have been described, and the following five species have particular epidemiological importance because of their domestic habitats: Triatoma infestans, Panstrongylus megistus, Triatoma brasiliensis, Triatoma pseudomaculata and Triatoma sordida. Control measures adopted by South American countries have resulted in a signifi cant decrease in the number of acute cases. The Southern Cone Initiative (SCI) was created in 1991 by the governments of Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay and is associated with compulsory screening of blood banks. This initiative has been extremely important for Chagas disease control in this region. The basic aim of the SCI was to stop disease transmission, primarily by eliminating the main vector, T. infestans, which is the only strictly domesticated species, and by screening safe donors in regional blood banks (6) . Nevertheless, data from the Brazilian Ministry of Health showed
RESULTS

METHODS
2,476 reported cases of acute Chagas disease in Brazil from 2001 to 2006 (7) . Although several Latin America countries, including Brazil, received the Pan American Health Organization/ World Health Organization (PAHO/WHO) certifi cation of the interruption of vectorial transmission via T. infestans in 2006 (8) , attention should be directed to new cases of Chagas disease that occur due to both contaminated food and beverages in endemic areas and other triatomine species able to transmit the parasite. In 2000, the interruption of vectorial transmission of T. cruzi by T. infestans in Pernambuco was reported (9) . However, new acute cases have been reported in all Brazilian regions (7) .
Studies of the occurrence of infectious diseases according to their spatial distribution have been deemed important for public health, especially for planning and executing disease control measures (10) . Geographic Information Systems (GIS) have contributed to the effectiveness of actions through the analysis of spatial data on health parameters, revealing priority areas for interventions (11) . The use of this tool for monitoring vector-borne diseases such as Chagas disease may allow for the identifi cation of the spatiotemporal distribution profi le of disease incidence or mortality in defi ned geographic regions (12) . In the present study, we describe the spatiotemporal distribution profi le of acute Chagas disease in Pernambuco according to the municipality of notifi cation from 2002 to 2013.
Study area
The study was performed in the State of Pernambuco (PE), Brazil. PE is located in the Northeast region (8° 4' 14'' S, 37° 15' 57'' W), and its proximity to the Equator guarantees sunshine throughout the year, with average temperatures of 26°C (79°F). The state is considered a geographically diverse region due to its size, relief, climate, and natural resources, and it is currently divided into 5 mesoregions (São Francisco, Sertão, Agreste, Zona da Mata and Metropolitana) and 185 municipalities. The municipalities are legally autonomous territorial areas and are the smallest autonomous units of the Federation.
Study population and design
We performed a retrospective ecological study through spatiotemporal analysis using reported acute Chagas disease cases aggregated according to the municipality of notifi cation. 
Data analysis
Spatial analysis methods and GIS techniques were used to evaluate the geographic distribution of acute Chagas disease in the State of Pernambuco. We analyzed data from areas and adopted the municipality of notifi cation as a unit of analysis to obtain better accuracy regarding the differences within and among regions. Construction of the spatial distribution maps was based on the moving averages by applying three-year intervals to data from 2002 to 2013; this method was also used to minimize random fl uctuation effects in a time-series of rates calculated for rare events. The annual incidence rate was calculated for 185 municipalities and the whole State by standard methods. To assess the relative risk of acute Chagas disease for each municipality, maps were constructed using the moving average for the fi rst 3-year rate in Pernambuco as the denominator and assuming no changes in time and space.
Digital maps were obtained from the cartographic basis of IBGE in shape fi le (.shp) format, which is compatible with the Terra View software, version 4.2, developed by the National Institute for Space Research [Instituto Nacional de Pesquisas Espaciais (INPE)]. This software package was used for the processing, analysis and presentation of cartographic data as well as for the calculation of risk area indicators and the construction of thematic maps.
Ethical considerations
This study was based on secondary data, and all of the information used is public domain. No variables allowed the identifi cation of any individuals.
Spatial distribution of acute Chagas disease
Between 2002 and 2013, 302 acute Chagas disease cases were reported. Out of 185 municipalities, 70 (37.8%) reported at least one case of acute Chagas disease during this period. The mean rate of reported cases in Pernambuco was 0.13 per 1,000,000 inhabitants per year, ranging from 0.0 to 7.32 reported cases per 1,000,000 inhabitants. The mean rate of reported cases in the country was 0.12 per 1,000,000 inhabitants per year (varying from 0.80 to 3.03). Compared to data from Brazil, Pernambuco showed a higher three-year moving average of cases for the fi rst seven years of the study period. However, over the time period evaluated, Pernambuco has shown a decrease in the number of reported acute cases (Figure 1 ). In the fi rst four years (2003 to 2006), the estimated incidence for Pernambuco was 6,534 per 1,000,000, and the incidence decreased signifi cantly to 0.045 in the last period (2008 to 2012).
The socio-demographic characterization of acute cases showed 130 (43%) males and 172 (57%) females, with the majority of the reported cases aged between 20 and 59 years. Table 1 shows the heterogeneous distribution of the reported cases of acute Chagas disease by race. The most affected race was brown (multiracial) (49%). It is noteworthy that 15 (5%) reported cases were Amerindians.
The spatiotemporal distribution of acute Chagas disease rates at ten different time points is depicted in Figure 2 . Overall, the fi rst three fi gures (Figures 2 -maps 2003, 2004 and 2005) clearly show a concentration of high-incidence municipalities in the central west region of Pernambuco, more precisely in the City of Carnaubeira da Penha (São Francisco Pernambuco mesoregion), and in other municipalities of the Sertão Pernambucano mesoregion (Mirandiba, Salgueiro and Serrita), with an incidence higher than 10 cases per 100,000 inhabitants. Some areas of the Agreste Pernambucano region were also affected, varying from 7 to 20 cases per 100,000 inhabitants (Iati, Correntes and Palmerina). In addition, between 2006 and 2008 there were some small areas with high case notifi cations, notably in Alagoinha, Altinho, Correntes and Brejão (Agreste Pernambucano mesoregion), Mirandiba, Terra Nova (Sertão Pernambucano mesoregion) and Carnaubeira da Penha (São Francisco Pernambuco mesoregion) (Figures 2 -maps  2006, 2007 and 2008) . Conversely, few cases were reported Table 2 depicts the demographic data and reported case rates of acute Chagas disease in the fi rst 10 municipalities with 36 or more cases per 100,000 inhabitants in Pernambuco. The areas showing the highest rates are those located in the São Francisco and Sertão Pernambucano mesoregions, with up to 91 reported cases per 100,000 inhabitants (Table 2) . 
DISCUSSION
This is the first systematic spatiotemporal analysis of reported cases of acute Chagas disease in Pernambuco, Brazil. We identifi ed spatial clusters of municipalities with high rates of Chagas disease, in particular an extended risk area comprising of ten municipalities. We noted priority areas for intervention, appropriate management of patients and effective measures to control and eliminate insect vectors.
The 2004 peak of acute cases reported in Pernambuco (7.32 cases per 1,000,000 inhabitants) may be explained by the higher importance given to Chagas disease in the 21 st century, a period in which the country intensifi ed the strategies to eliminate T. infestans. Another study analyzing hospital admissions and mortality time series in Pernambuco revealed that the hospitalization rate for Chagas peaked in the same year, with a decrease in the subsequent years (13) . The peak may have trigged a greater commitment among health professionals to report acute cases. However, despite the decline in the number of acute cases, the parasite continues to circulate among human hosts.
Data analysis performed in this study shows that the data from Pernambuco are not refl ective of Brazil as a whole with regard to the control of Chagas disease. This State shows a much higher rate of acute cases than the national rate between 2002 and 2006. However, a decline in the number of acute case notifications has been observed in Pernambuco over the years, indicating either successful prevention campaigns, underreported cases, or both. Conversely, an increased prevalence can be observed in the Amazon region, an endemic area that was previously considered to be non-endemic. This increased prevalence can be largely attributed to oral transmission through the consumption of natural products such as açaí and bacaba juice (14) (15) . In fact, between 1968-2005, a total of 437 cases of acute Chagas disease were reported in this region (15) . Out of these, 311 were associated with 62 outbreaks in which the suspected mode of transmission was the consumption of açaí (16) . The consumption of these products has encouraged the development of surveillance activities aimed at pasteurizing the products and controlling the export of untreated juice and other products to other regions in Brazil and to other countries (17) .
The spatial distribution of acute Chagas disease was heterogeneous during the analyzed period. Indeed, cases were reported with either greater or lesser intensity in all of the Pernambuco mesoregions. The metropolitan region of Recife was the least affected area. These fi ndings were expected because this area includes large cities with an infrastructure that may prevent the disease cycle. It is known that Chagas disease is a zoonosis that is transmitted in natural foci or ecological units within a well-defi ned geographical environment. The ecological unit is composed of either wild or domestic mammals and Triatoma bugs, both of which can be infected with T. cruzi and can be found in other mesoregions. In contrast, the Sertão and São Francisco Pernambucano mesoregions had the highest infection rates. Carnaubeira da Penha, for instance, had the highest incidence rate, with 217.98 individuals per 100,000 inhabitants affected. Differences among the municipalities may also be due to underreported cases associated with problems in the local health system, such as the lack of access to specialized services in these municipalities, leading to the migration of patients to nearby major centers (12) . This prevents health professionals from properly diagnosing Chagas disease and results in ineffective epidemiological surveillance services.
The report of acute Chagas disease cases in 37.8% of the municipalities of Pernambuco shows the potential transmission of T. cruzi in diverse phytogeographic regions, each with specifi c soil, vegetation, climate and topographical features. This distribution coincides with areas of Triatoma occurrence in Pernambuco, as observed by Silva and colleagues (18) . According to these authors, no infected triatomines were found in the metropolitan region of Recife, although 92.2% of identifi ed instances of uninfected triatomines were within housing structures. However, in other mesoregions, infected triatomines were found in almost all of the municipalities, with a predominance of Triatoma brasiliensis, Triatoma pseudomaculata and Panstrongylus lutzi, thus maintaining the risk of T. cruzi transmission to humans in Pernambuco. These species are widely distributed, and infected specimens have been found inside houses. Even more alarming is the fact that T. infestans specimens were captured inside houses in one municipality (Lagoa Grande, São Francisco Pernambucano mesoregion); however, the insects were not infected (18) . These fi ndings reveal the need to strengthen entomological surveillance programs that include routine house visitation by health agents, the stimulation of community involvement through educational campaigns, chemical control activities, and housing improvements in areas most affected by T. cruzi to reduce the risk of Chagas disease infection.
In contrast to what was observed in the State of Maranhão by Cutrim and colleagues in 2010 (19) , our study did not show any differences between the number of infected males (43%) and females (57%). These authors found males to be the most infected, suggesting a sylvatic transmission cycle, as men are more likely to go into the forest to hunt or cultivate crops, thus increasing their exposition to the vector. As previously mentioned, different infected triatomine species have been found inside houses, putting men and women at the same risk of infection and corroborating our fi ndings. As for the data regarding age groups, we observed that infection primarily affl icted adults aged between 20 and 59 years (65.6%). This is relevant because the morbidity and mortality of acute Chagas disease is directly associated with a reduction in the quality of life of infected individuals. Through its impact on workforce productivity by causing premature disability and death, Chagas disease annually costs an estimated 667,000 disability-adjusted life years (20) (21) . In the case of Brazil alone, annually losses of over US$1.3 billion in wages and industrial productivity were attributed to the disabilities of workers with Chagas disease (22) . Thus, prevention campaigns should be designed to target this demographic. Conversely, in the group of children aged up to 5 years, only two cases were reported (prevalence of 0.67%), showing a low transmission rate within this group and highlighting the reduced vectorial transmission in Pernambuco after systematic and regular control programs against T. infestans. This is in accordance with a national survey to assess the seroprevalence of Chagas disease in 104,954 children aged up to 5 years that confi rmed infection in only 32 (0.03%) individuals (23) .
We conclude that even with successful control campaigns against T. infestans, monitoring activities for this disease are still required in Brazil, particularly in Pernambuco, where there are secondary (and domiciled) vector species, and other modes of transmission such as ingestion of contaminated beverage and food or congenital transmission remain common.
